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The eollision between Iridium 33 and Cosmos 2251 in 2009 signaled the potential onset 
of the eollision easeade effeet, eommonly known as the “Kessler Syndrome”, in the low 
Earth orbit (LEO) region. Reeent numerieal simulations have shown that the 10 em and 
larger debris population in LEO will eontinue to inerease even with a good 
implementation of the eommonly-adopted mitigation measures. This inerease is driven 
by eollisions involving large and massive intaets, i.e., roeket bodies and spaeeeraft. 
Therefore, aetive debris removal (ADR) of large and massive intaets with high eollision 
probabilities has been argued as a direet and effeetive means to remediate the 
environment in LEO. 

The major risk for operational satellites in the environment, however, eomes from 
impaets with debris just above the threshold of the proteetion shields. In general, these 
are debris in the millimeter to eentimeter size regime. Although impaets by these 
objeets are insuffieient to lead to eatastrophie breakup of the entire vehiele, the damage 
is eertainly severe enough to eause eritieal failure of the key instruments or the entire 
payload. The foeus of this paper is to estimate the impaet risks from 5 mm and 1 em 
debris to aetive payloads in LEO (1) in the eurrent environment and (2) in the future 
environment based on different projeetion seenarios, ineluding ADR. The goal of the 
study is to quantify the benefits of ADR in redueing debris impaet risks to operational 
satellites. 



